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Abstract: Education is a key factor to respond to the threat of climate change, increasing not
only knowledge but also encouraging changes in attitudes and behaviors to adopt sustainable
lifestyles. Scholars and practitioners in the field of education call for innovative ways of engaging
youth—a reason why gamification has gained more attention in recent years. This paper aims at
exploring the role of gamification in affecting pro-environmental behavioral change and searching for
best practices for educational purposes. For that aim, pro-environmental gamification platforms are
identified and analyzed by applying two different frameworks: the Octalysis Framework and the
Climate Change Engagement through Games Framework. After scanning 181 cases, a final sample of
six is analyzed and two of them are selected as best practices with higher potential to engage users in
pro-environmental behavioral change: SaveOhno and JouleBug. Meaning, ownership, and social
influence, as well as achievability, challenge, and credibility, are seen as core elements that can
increase the success of gamification platforms. In conclusion, the more attributes are enclosed in the
gamification design, the stronger physical and mental connections it builds up with participants.
Insights from this study can help educators to select best practices and gamification designers to
better influence behavioral change through game mechanics.
Keywords: gamification; games; behavior change; education; engagement; motivation; climate change
1. Introduction
Early in the late 19th century, scientists already gave a warning about the emission of carbon
dioxide, saying it might lead to global warming. However, due to the actions of deniers and skeptics as
well as economically oriented policies, the warning has not always been taken seriously enough and the
concentration of the greenhouse gas has been continuously rising [1]. Effective climate change policy
relies on the public’s support and understanding; those who are aware of or cognitive of experiencing
climate change are key supporters of climate policy [2]. Since climate change is a global issue and cannot
be solved by a single person; it is necessary to expand awareness and empower people to deal with
this topic [1]. However, raising awareness of environmental issues is just the beginning. Governments,
communication and education specialists, and environmental activists are suggesting taking a further
step, beyond raising awareness and knowledge, to encouraging people to change behaviors to mitigate
the stress of the earth. Eisenack [3] suggests existing communication and education processes should
be improved to engage people in developing suitable environmental solutions.
In search of innovative and interactive ways to educate and engage citizens, especially young
people, the use of gamification has gained the attention of scholars and practitioners in recent years.
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While serious games (games the purpose of which exceeds entertainment) mostly aim at raising
awareness of “serious” issues, gamification (the application of game-design elements in non-game
contexts) is seen as a strategy that can positively engage people in behavioral change [4–7]. The use of
gamification in education has been applied to formal, non-formal and informal education settings.
However, academia knows little about how gamification works with environmental topics, what its
characteristics and actual performance is, or how much potential it has to create engagement.
This paper aims at exploring the role of gamification in affecting pro-environmental behavioral
change and searching for best practices for educational purposes. For that aim, gamification platforms
were identified by conducting a literature review and web search and analyzed by conducting a
qualitative analysis using two different frameworks, which will be further described in the next section.
2. A New Education Paradigm: From Information Exposure to Action
Learning to build a better planet than today’s requires a holistic approach. In recent years,
we have seen a shift in climate and environmental education from exposure to information to
transformation of values and behaviors in order to contribute to solutions for environmental problems
and, by extension, to the creation of a sustainable society. A more modern pedagogy creates a
process that encourages “concrete action” by stimulating interest, understanding, and participation.
This participatory approach values experience and feeling as part of a process of experimentation, not
just relaying of knowledge. Promoting equitable, inclusive, and fair societies requires creating processes
for citizen participation that imply “shared decision-making” and an assumption of responsibilities in
favor of global sustainability [8,9].
Different models have been developed by scholars trying to explain this new paradigm.
For instance, Cantell et al. [10] proposes the “bicycle model”, a holistic approach to climate change
education that emphasizes the importance of different factors: knowledge, thinking skills, values,
identity, worldview, action, motivation, participation, future orientation, hope and other emotions,
and operational barriers. Monroe et al. [11] conducted a systematic review (959 unique citation
records) to describe effective educational strategies in formal and non-formal settings. The study
highlighted two effective strategies: (1) focusing on personally relevant and meaningful information
and (2) using interactive and engaging teaching methods. Regarding the second strategy, interventions
include experiential, inquiry-based, and constructivist methods, including gamification, role-plays and
simulations that mimic reality.
Visual images play an important role in this type of strategy. Manzo [12] emphasizes the power
of the influences that images have, and how images are a double-edged sword in changing people’s
attitude. For instance, an image of a hungry polar bear might raise climate change awareness and
stimulate sympathy to call for behaving in environmentally friendly ways and raising funds; on the
other hand, people might get tired of being flooded with polar bears and climate change-related
images and turn their back on them. In this case, enhancing a better understanding of environmental
issues does not necessarily mean that people will change their behaviors and perform in the expected
ways [13].
3. Gamification and Behavioral Change
In 2011, Deterding et al. [14] (pp. 9–15) define gamification as “the use of game design elements in
non-game contexts”. In response to Deterding et al.’s definition of gamification, other authors like
Werbach [15] (p. 266) redefine the concept into “the process of making activities more game-like”,
proclaiming that not every non-game context that includes game design elements ais considered
to be gamified. Instead, gamification is a combination of the game elements’ selection, application,
implementation, and integration to improve users’ experience, bringing it closer to typical fun and
interesting gameplay experience. In 2016, Mazur-Stommen and Farley [5] (pp. 19–24) included
behavior change in the definition of gamification. From their perspective, gamification is the process
whereby designers incorporate game mechanics into everyday activities to provide added motivation
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for behavior change. Essentially, from this perspective, gamification is seen as “approaching problems
to tap into the psychology of motivation”.
Motivations that lead to behavior change can be divided into extrinsic and intrinsic factors.
Extrinsic motivation relies on external stimulation to change the behavior, while intrinsic motivation
is driven by oneself [16]. Grossberg et al. [17] state that the points, badges and leaderboards (PBL)
system provides clear and immediate rewards to players and is a powerful motivator to change
players’ behaviors. By comparing performance records with peer members, players increase their
sense of achievement and are more likely to maintain or improve their current behaviors. However,
players might also get demotivated when the personal score is fallen behind the record too much [18].
In 2017, Sailer et al. [19] suggest not only visible game elements such as points, badges, leaderboards,
performance graphs, meaningful stories, avatars, and teammates should be considered, but also players’
need of psychological satisfaction, including the need for competence, autonomy, and social relatedness
should be included during the design of gamification tools. Since climate change is a long-term global
issue, the potential adaptation and mitigation solutions should be able to drive eco-friendly acts long
and support by governmental policy, therefore intrinsic motivation should become a major concern [16]
(pp. 758–763). In 2014, Conway [20] states that those gamification designs that only focus on extrinsic
rewarding systems but failed to acknowledge the users’ psychological needs are supposed to be named
“zombification” because users are assumed to perform routinely in the same way. Other authors like
Chou [18] defend that the idealistic behavior change strategy is a combination of extrinsic motivating
policies and intrinsic persuasion because, if only extrinsic motivation is taken into account, once the
rewarding system stops, the users’ motivation will decrease due to the feeling of being “betrayed”
(pp. 342–344).
Gamification has been widely applied in many contexts, such as the education, government,
health, marketing, and management fields. In the field of the environment, game designers have
developed green games or added green elements to non-game contexts to encourage pro-environmental
action [21].
4. Theoretical Frameworks
Gamification theories at the early stage focus on giving definitions and examining existing
cases [14,15,17,19]. Researchers aim to check whether gamification is worthy to name as a new and
future trending technique or just an old marketing strategy with new packaging. Later, scholars mainly
put emphasis on the use of game elements and discuss motivations [17,22]. The following theoretical
frameworks provide a comprehensive vision of which factors should be considered to motivate people
into action and on how to evaluate designs.
4.1. Octalysis Framework
The Octalysis Framework, developed by Chou [18], focuses mainly on motivation as well as
human-centered design, explaining the function and potential outcomes of motivational design.
With inspiration from Fogg [23]’s B=MAP motivation model developed in 2003 (a behavior change
model that drives motivation, ability and prompts core values), the framework is based on eight
mental core drives to explain the motivation behind each human behavior: Epic Meaning and Calling,
Development and Accomplishment, Empowerment of Creativity and Feedback, Ownership and
Possession, Social Influence and Relatedness, Scarcity and Impatience, Unpredictability and Curiosity,
and Loss and Avoidance.
Epic Meaning and Calling refers to a person’s belief that he or she is doing something greater
than themself, or those who believe they have “beginner’s luck”. Development and Accomplishment
is related to the practice of points, badges and leader board systems. Empowerment of Creativity and
Feedback is a key factor in the Octalysis Framework because it inspires long-term positive emotions
and an emphasis on intrinsic motivation. The author believes that by nature we are creative beings,
and we yearn to imagine and invent in creative processes where the journey in of itself brings happiness.
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When a user can continuously use creativity, the game designer no longer needs to constantly create
new content to make things engaging. Those talents need to be rewarded to be further developed.
However, this core drive is also the hardest to implement correctly. Ownership and Possession refers
to the feelings of owning or having strong connections to something they are willing to improve. It is
related to elements such as virtual goods and virtual currencies; it makes us want to accumulate wealth.
Social Influence and Relatedness connects to activities inspired by what other people think, do, or say,
and themes like mentorship, competition, envy, group quests, social treasures and companionship.
The “relatedness” part deals with things like attachment to emotional associations and the feeling of
nostalgia. When this core driver is used correctly, it promotes strong and long-lasting motivations to
become engaged. Scarcity and Impatience refers to a desire of wanting something or waiting to get
something. The anxiety lasts until the goal is achieved or given up. Unpredictability and Curiosity is
the main force behind our desire with experiences that are uncertain and involve chance, which makes
people feel excited. Finally, Loss and Avoidance mmotivates users through the fear of losing something
or having undesirable events transpire. According to Chou [18], all human behaviours are driven by at
least one motivator or more.
Chou [18] further refines the core drives and categorizes them into two categories. a) White
hat motivators (Epic Meaning and Calling, Development and Accomplishment, Empowerment
of Creativity and Feedback, Ownership and Possession, and Social influence and Relatedness)
vs. black hat motivators (Scarcity and Impatience, Unpredictability and Curiosity, and Loss and
Avoidance). This categorization separates the gamification users’ emotional engagement into positive
and negative. Black hat motivators make us feel anxious but they can create an urgent need to stimulate
users to perform certain actions, even though people might not appreciate those negative feelings.
b) Left-brain motivators (Development and Accomplishment, Ownership and Possession, and Scarcity
and Impatience) vs. right-brain motivators (Empowerment of Creativity and Feedback, Social Influence
and Relatedness, and Unpredictability and Curiosity). It divides human motivations into extrinsic or
intrinsic-driven. The left brain represents logic, ownership, and analytical thought, while the right
brain relates to creativity, sociality, and curiosity, which can create longer engagement.
4.2. Climate Change Engagement through Games Framework
Ouariachi et al. [24] propose a set of game attributes that could maximize the cognitive, emotional,
and behavioral engagement of players, using semi-structured interviews with experts to identify a set of
game attributes and a group discussion with teenagers to validate them. By applying grounded theory,
they have developed a framework for climate change engagement through games. The framework
consists of 15 key game attributes classified in three dimensions:
1. Cognitive involvement: what people think and know, and how many mental efforts they are
willing to make. These are credible, experiential learning, concrete, challenging, leveling-up, fun,
achievable, feedback-oriented, meaningful, narrative-driven, simulating.
2. Emotional involvement: what and how strongly people feel about climate change.
These are identity-driven, concrete, challenging, efficacy-enhancing, reward-driven, achievable,
feedback-oriented, meaningful, narrative-driven, simulating.
3. Behavioral involvement: what and how much people do to address climate change. These are
social, efficacy-enhancing, reward-driven, leveling up, fun, achievable, feedback-oriented,
meaningful, narrative-driven, simulating.
The framework suggests that serious games or gamification platforms that contain these
attributes will enhance their potential to cognitively, emotionally, and/or behaviorally engage people
in climate-change-related issues. Some of the 15 game attributes fall into the three dimensions,
which means that they are core elements to maximize the potential of cognitive, emotional and behavioral
involvement simultaneously. These are achievable, feedback-oriented, meaningful, narrative-driven
and simulating. Other attributes fall into two categories.
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According to Ouariachi et al. [24], ideally, in order to create inspiring tools, there is a need to
appeal, not only to the analytical processing system, but to the overall experiential system, playing with
reality, highlighting powerful narratives that connect with people’s values and experiences, and paying
careful attention to both verbal, written and audio-visual communication. An engaging experience
should also be fun, let the players work hard towards clear goals and make them feel good. When these
factors are mixed with social interaction and peer pressure, there is more chance that actions will take
place and a social movement will be created.
5. Materials and Methods
Since the role of gamification in affecting pro-environmental behavioral change is a relatively
new topic, this exploratory study makes use of qualitative research methods. Exploratory studies
aim to discover underlying issues, seek new insights, and evaluate the phenomenon from different
angles [25,26]. Triangulation is theoretically applied by using different models, and methodologically
applied by using two types of secondary data analysis and qualitative content analysis. As with
exploratory studies, triangulation is often practiced to study little-explored or non-explored research
topics [27,28]. Two different stages can be distinguished in the study:
First stage: identification and selection. To identify pro-environmental gamification platforms,
a literature review was carried out in Scopus and Google Scholar, as well as a web search in the main
search engines using the following keywords: (climate change/ global warming/ environment/
sustainability) and (communication/ education/ behavior) and (gamification/ gamified system/
gamifying/ game elements) in both English and Mandarin, the working languages of the researchers.
A total of 181 cases were identified and further scanned by interacting with them. Then, a final sample
of six was selected based on a) topics related to pro-environmental behavioral change, b) potential to be
used as an educational tool (on the basis of learning, and on the possibilities to be implemented in class,
individually or in groups), c) accessibility online and for free (to address possible economic restrictions
or difficulties from users to access gamified experiences), and d) availability in English and/or Mandarin
(the languages of the authors). The six final platforms were Consumption of Daily Life [29], Oroeco [30],
SaveOhno [31], Recyclebank [32], JouleBug [33], and My Little Plastic Footprint [34].
Second stage: qualitative content analysis. To analyze the selected cases, first of all, the Octalysis
framework [18] was applied via an online tool where two researchers can provide scores to the eight
different drivers and fill each empty section (Figure 1). Every core drive was evaluated from 0–10.
Points from each motivator were squared and summed to get the final score. After the evaluation,
the tool provided comments in the bottom left section for users to double-check the potential of
the designs [35].
Secondly, another round of analysis was carried out by applying the Climate Change Engagement
through Games Framework [24] to further explore the potential of these cases in motivating
pro-environmental behavior change. In this case, researchers opt for qualitative content analysis as an
approach to code data. Qualitative content analysis focuses on manifest and latent features, entailing
quantification by coding frequencies to detect patterns in the data. In this type of research, the emphasis
is on achieving consistency of interpretation by having several researchers for coding; the intercoder
reliability shows therefore to what extent different coders agree on the coding of the same material.
In this case, two researchers use a checklist to mark the presence or not of the different game attributes,
sharing a protocol with guidelines to fill in the checklist. Despite the subjectivity of some of the criteria
and the interpretative implications, both researchers agreed on all features and there was no need to
solve discrepancies. No previous training was necessary. Trustworthiness (credibility, transferability,
dependability and confirmability) is proposed in qualitative content analysis as a means to ensure
quality and methodological soundness [24,36].
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The integration of two different models in this second stage of qualitative content analysis relies on
the need for 1) adding theoretical triangulation in exploratory studies and 2) integrating the strengths of
each model. Both models follow the same goal; however, while the first focuses mostly on gamification
as the tool, the second one focuses on climate-change-related issues as the main topic.
6. Results
One of the first observations was that gamification platf rms with an educatio al purpose are quite
popular, especially digital ones and on mobile devices. They are usually used for promoting behavioral
change but also to raise awareness of certain topics, including formats such as simulations, strategic
games and news games. Competition is quite a recurrent strategy, and energy saving and efficiency
are two of the most popular pro-environmental behaviors promoted, alongside waste management
and recycling. Topics are generally concerned with people’s daily lives, including individuals’
financial considerations and desire to live environmentally friendly lives, but also travelling behaviors.
Developers include commercial, charitable, e ucation l and governmental rganiz tions.
6.1. Application of Octalysis Framework
According to the design of the Octalysis framework [18], the scoring system is the sum of the
square number of each core motivation. If every core drive is fully applied, the highest score will be
800 points (102*8). Yet, only the well-known dominant gamified designs can receive up to 8 or 9 points
on specific core drive(s), as stated by Chou [18]. In ddition, he states that, based on the de ign types,
a seri us game design might score above 350 points, while a gamification platform ranks less than
150 points, and function-oriented design not considering any human-centered designs can only rate
less than 50 points. The following analysis also checked the referring tips on the website in case of
interpretation errors [35].
Below is the analysis f the final six selected cases:
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1. Consumption of Daily Life (score: <50): this aims to search for “power-eating monsters” at
home through a webpage gamified calculator developed by the Industrial Technology Research
Institute in Taiwan in 2018 [29]. It has been developed to provide trustworthy measurement for
households, containing diagnosis, results and solutions for electricity performance. By providing
a comparison between different electronic devices and with other households, the energy-saving
recommendations keep the public from producing a great amount of electricity during peak hours.
Core drivers: users are requested to fill in detailed information about their electronic devices,
provoking an increase in the feeling of Ownership and Possession. Regarding the Epic Meaning
and Calling driver, users are named as human heroes to beat down the electricity beasts and solve
energy shortage issues. By comparing a household’s energy performance with the average records,
together with allowing a person to share one’s electricity percentage on social media, individuals
receive peer pressure driven by Social Influence and Relatedness. However, it seems that the
application focuses mainly on the Loss and Avoidance core drive to persuade households to
upgrade their power-driven appliances. People indeed prefer to pay the bill smartly. In avoidance
of losing extra money, users with an eco-friendly mindset have the possibility to purchase
energy-saving products, but, if the current appliance works functionally and users are not
confident with new settings, the Loss and Avoidance factor could work oppositely.
2. Recyclebank (score: <50): an online gamified platform allowing visitors to earn points from
reading articles, doing small tests, recycling and playing small games to enhance climate
change-related knowledge. Users exchange recycling and waste-reusing experiences with
others to collect points and purchase green products using those points [32]. Points work as a
rewarding system to encourage visitors to collect and spend points on the platform frequently.
The membership of Recyclebank allows users to purchase eco-friendly products or visit partner
business with a discount. Core drivers: the platform applies Epic Meaning and Calling,
Empowerment of Creativity and Feedback, Ownership and Possession, and Social Influence and
Relatedness. The call for sharing waste-reusing and recycling ideas, acting green, and buying
environment-friendly products convinces users that their efforts are meaningful. People provide
recycling tips as well as waste-utilizing ideas to exchange instant feedback and comments with
other users. Each post gives the individual a sense of ownership so that users stick to the platform
and frequently check every latest interaction. Simultaneously, people build up a social network
and influence one another on the platform. However, the commercial-oriented rewarding system,
as well as scarce exclusive discounts, could decreases the users’ feeling of doing meaningful
work and intentions of modifying behavior. Therefore, there is unbalance between intrinsic and
extrinsic motivation drivers.
3. My Little Plastic Footprint (score: 50~100): operated by Plastic Soup Foundation and support by the
UN, this application aims to call the public to stop using plastic products and reduce ocean pollution
waste [34]. Participants are seen as heroes and encouraged to collaborate with other plastic
champions to fight against plastic and ocean pollution. Core drivers: Epic Meaning and Calling
is one of the main drivers. Developers also include Ownership and Possession, Social Influence
and Relatedness, and Loss and Avoidance core drives in the design but place less attention on
Development and Accomplishment, Empowerment of Creativity and Feedback, and Scarcity and
Impatience motivation. Players receive challenges from ocean-pollution-related multiple choice
questions to earn points, unlock ocean milestones, and collect junk art creations to enhance the sense
of accomplishment. By answering questions, signing up to campaigns, sharing environmental
solutions, or publishing plastic waste-reducing announcements, participants are empowered to
give benefit to the earth in their preferred way. The art gallery collection, posting ideas, and the
intention to maintain a personal image consisting of behavior change announcements increase
the users’ ownership feeling. Social influences also play an important role in supervising a
participants’ behavior, preventing them from quitting, and influencing others to modify their
living styles. However, the application begins by asking visitors to register their email accounts,
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publish an announcement, and share “like” comments on social media when they are new to the
program. This might bring the risk of decreasing the users’ trust. In addition, participants can
only provide pollution and waste suggestions and press “like/agree” to others’ statements but are
unable to exchange feedback with one another.
4. Oroeco (score: 50~100): this is a gamified website and mobile application platform developed by
Oroeco and the University of California, Berkeley [30]. The application records an individual’s
daily behavior and checks one’s carbon value monthly and yearly. Users are encouraged
to behave in environment-friendly ways and purchase green products. There are a few
studies associated with this case [17,21]. Core drivers: the main focus is on Development
and Accomplishment, Empowerment, Creativity and Feedback, and Ownership and Possession.
Epic Meaning and Calling, as well as Social Influence and Relatedness, are also included
in the design. Oroeco empowers participants with instant feedback, as well as multiple
quests, scoreboards, and batches, so that people can perform their preferred actions to do
meaningful environmental improvements. Users collect virtual currency by updating their
proactive eco-friendly behavior achievements and sharing carbon-eliminating tips. A set of
batches of collection and experience-sharing posts increase the owners’ pride and social influence
on the gamification platform. In this case, white hat gamification receives greater attention, while
black hat motivations such as Scarcity and Impatience, Unpredictability and Curiosity, and Loss
and Avoidance, which can stimulate an instant response, are avoided. Oroeceo highly relies
on participants’ “voluntary” act. Once users get hooked by another gamified design or other
appealing topics, they might leave the platform.
5. SaveOhno (score: 100~150): this first appeared on Kickstarter to raise funds [37]. Within five
years, it became an influencing social venture institute focusing on climate-change-related
works and engaging the public with behavior change [31,37]. This online platform gathers
environmental activists to deliver messages, raise funds, and encourage visitors to sign up petitions.
Core drivers: Epic Meaning and Calling and Social Influence and Relatedness are the strongest
drivers. By addressing participants as environmental activists and heroes of the virtual family
members, people understand the influence of their actions. When clicking on the “sign for the
petition” button, participants follow the trend to save the earth and natural species. By deciding
whether other users’ eco-friendly actions are meaningful, receiving followers or participating
in group campaigns, players are empowered as social influencers to affect the others on the
platform. Development and Accomplishment, Empowerment of Creativity and Feedback,
and Ownership and Possession core drives are also applied. Users own the right to engage
with environmental concerns in multiple ways and can feel the sense of accomplishment via
fund-raising, petition-signing, and gaining fans’ strategies. SaveOhno creates a virtual character
coming from the next century, who writes emails to players to keep them active in visiting the
platform. Therefore, this case focuses on developing white hat core drives. Black hat gamification,
such as via Scarcity and Impatience, Unpredictability and Curiosity, and Loss and Avoidance
motivations, also receives attention, but less.
6. JouleBug (score: 100~150): this is a gamified mobile application aiming to engage users to behave
in environment-friendly ways, as well as to develop a deeper connection between the local
community and nature [33]. Unlike wearable devices that automatically record human behaviors,
JouleBug participants need to actively click on the “buzz” button whenever they perform the
desired actions to keep, record and collect points. Core drivers: Social Influence and Relatedness,
Epic Meaning and Calling, and Development and Accomplishment are the three strongest core
drives. The platform provides a follower/following system to encourage participants to actively
update their achievements. Those who share the same values and interests can easily make links
with each other. Users gain self-confidence, become more willing to join local challenges and
get self-activated to do word-of-mouth communication when their social influence increases.
Users can also accept taking extra actions or dealing with local challenges. Offering extra points
Sustainability 2020, 12, 4565 9 of 14
to the beginners can ensure players to stay longer in the application. Loss and Avoidance and
Scarcity and Impatience are used by providing limited opportunities and unique challenges to
make the winner’s record outstanding. Black hat motivations work when players participate in
time-limited group challenges. The application provides multiple options for users to choose
their desired behavior modifications. However, there is a lack of urgency. According to Chou [18],
if there are only 3–5 options to select, the quests should last within a limited time to improve the
player’s engagement experience. This specific case seems to also find a balance between white
and black hat motivations [35].
As observed in the cases above, the six selected gamification platforms apply different motivation
elements based on the design purpose and its target audience. Based on the score range, the examined
cases can be divided into three groups: two higher-quality, two medium-quality and two lower-quality
(Table 1). The best gamification platforms not only focus mostly on white hat motivators (positive
emotions) and find a balance between left-brain (extrinsic) and right-brain (intrinsic) core drives,
but also include into their design black hat motivators (negative emotions). Left-brain and black hat
core drives provide hooks to attract participants to exploring the gamification platforms within a short
time and urgently encourage them to perform certain actions, while right-brain and white hat drives
keep users staying longer and remaining positive in the platforms.
Table 1. Summary of scores.
NAME TOPIC SCORE
Consumption of Daily Life Energy saving <50
Recyclebank Waste management <50
My Little Plastic Footprint Ocean waste pollution 50~100
Oroeco CO2 emissions and energy saving 50~100
SaveOhno Environmental activism 100~150
JouleBug Daily sustainable practices 100~150
6.2. Application of Climate Change Engagement through Games Framework
After exploring how motivation core drives work in the six selected cases and examining how
those motivators shape participant pro-environmental behavior, now we explore the capacity of
these gamification platforms to engage participants at the cognitive, emotional and behavioral levels.
A checklist based on the Climate Change Engagement through Games Framework [24] is applied to
the six cases (Table 2).
Table 2. Checklist of game attributes.
Consumption of
Daily Life Oreoco SaveOhno Recyclebank JouleBug
My Little Plastic
Footprint
Achievable y y y y y y
Challenging y y y y y y
Concrete y y y y
Credibility y y y y y y
Efficacy enhancing y y
Experiential learning y y y y y
Feedback oriented y y y y y y
Fun y y y
Identity-driven y
Leveling-up
Meaningful
Narrative-driven y y y y y y
Reward-driven y y
Simulating y y
Social y y y y y
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The two gamification cases that scored higher through the Octalysis Framework [18], SaveOhno
and JouleBug also enclose more game attributes from the Climate Change Engagement through Games
Framework [24], which means that their potential is higher to engage players not only at the cognitive
and emotional levels but also behavioral level. SaveOhno does not score in efficacy-enhancing,
leveling-up, or reward-driven characteristics, yet all cognitive, emotional, and behavioral dimensions
contain at least one attribute (Figure 2a). Findings indicate that SaveOhno has great potential to engage
gamification participants cognitively, emotionally, and behaviorally. In other words, users are expected
to engage in pro-environmental thoughts, feelings and actions. JouleBug, on the other hand, does not
include identity-driven, leveling-up, narrative-driven, or simulating attributes, as Figure 2b shows.
Figure 3 shows that there are five attributes applied in all six cases:
• Achievable: promoting possible actions within the reach of the individual.
• Challenging: a task that requires a certain degree of effort to perform.
• Credibility: trustworthy information and inspirations.
• Feedback-oriented: evaluation of current performance relative to a goal.
• Meaningful: evoking intense feelings.
These five attributes connect directly to the dimension of cognitive engagement according to the
framework. In addition, from these attributes, challenging connects with the emotional dimension
(working on raising public awareness together with emotional connections), while achievable,
feedback-oriented, and meaningful connect with both the emotional and behavioral dimensions.
The latest ones can be considered the most powerful because they fall into the three different categories
but also social when we are aiming at behavioral change. In fact, the attribute social is found in five
out of the six examples.
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7. Discussion and Conclusions
For a long time, scholars, practitioners and activists have mainly put the focus on delivering
pro-environmental messages to the public [13]. Recently, the field of climate and environmental
education have gone beyond transferring knowledge and values to also create a fluid process
that encourages concrete actions by stimulating interest and nurturing participation. Providing
design experiences where participants can learn through “doing and being” instead of just receiving
information in a passive way can be very powerful, since first-hand experience is a “much better teacher”
than exposure to information [38]. Gamification is a relatively new communication and education
approach that aims at engaging citizens not just cognitively and emotionally but also behaviorally.
This study concludes that gamification approaches have potential to educate and encourage
pro-environmental behavioral change, as long as they combine in their design extrinsic and intrinsic
motivational elements, short-term and long-term drivers, and game attributes that encourage taking
action in real life. Secondly, based on the application of two different frameworks, SaveOhno and
JouleBug have scored higher as good practices with potential to engage users in behavioral change
due to the powerful core drives and their well-balanced between extrinsic and intrinsic motivations.
These platforms were chosen after analyzing six different gamification platforms, which met the
selection criteria from a total of 181 climate change or sustainability-related platforms identified.
When looking at the core drivers from the Octalysis Framework, Epic Meaning and Calling,
Ownership and Possession, and Social Influence and Relatedness are common core drives that have
been practiced by all six gamification cases. The findings show that some gamification cases failed to
find a balance between left-brain (extrinsic) and right-brain (intrinsic) motivators. In addition, climate
change and sustainability gamification designs tend to have a preference for white hat motivators
(positive feelings) to keep users’ experience positive, but they often ignore black hat motivators
(negative feelings), which, if designed properly and consciously, can encourage urgent behavior
modification and balance users’ emotions. Therefore, best practices find a balance in the use of positive
and negative emotions, as well as extrinsic and intrinsic motivators. Regarding the Climate Change
Engagement through Games Framework, game attributes such as Achievable, Challenging, Credible,
Feedback-oriented, and Meaningful are seen as valuable to increase the potential to engage participants
at the cognitive, emotional, and behavioral levels simultaneously. The analysis indicates that the more
attributes are enclosed in the gamification design, the stronger physical and mental connections it
builds-up with participants, and the greater the potential to influence human behavior.
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Regarding limitations, we acknowledge two types of limitations: methodological and personal.
We recognize issues with sample and selection. The difficulty when selecting gamification platforms is
related to the fact that there is a lack of a clear and united definition of gamification. Lines can be blurred
between gamification and serious games, simulations and playful designs [14,15,39]. The linguistic
limitations of the authors (only in English and/or Mandarin) also have an impact when identifying
gamification cases that could act as best practices. When collecting data and interpreting results, it is
important to acknowledge subjectivity and interpretative implications, despite the effort to achieve
reliability and validity in the analysis. In addition, there is a lack of previous studies on this very
specific field.
Insights from this study can help educators to select best practices, and gamification designers
to better influence behavioral change through game elements. The practice of the Octalysis
framework as well as the Climate Change Engagement through Games Framework can also provide
insights for scholars by providing evaluation standards for climate- and sustainability-related
gamification platforms. Future academic studies are recommended to test the applicability of the
Octalysis Framework and the Climate Change Engagement through Game Framework in predicting
pro-environmental engagement. Academics are encouraged to apply these frameworks with other
cases and to carry out empirical study to evaluate if the selected best practices indeed have the potential
to influence human behavior in the short and long term.
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